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5 6 7
by a number of Investigators, * L, Corapln, has prepared
dithioCarbamates of various secondary amines and shown
that they form complexes with copper, nickel, and cobalt.
The analytical determination of copper using diethyldithio-
carbamate has been discussed by T, Callan and J, Â, R«
8 9
Henderson and W, Atkins has modified this procedure and
extended the application of the reagent for the determina­
tion of both copper and zinc in sea water.
Piperazine, a secondary amine, has been subjected 
to treatment with carbon disulfide with the intention of
preparing its acidic dlthiocarbamate. The yellow, insoluble,
o
powdery product is reported to sublime at 223 C,, to be
insoluble in polar and non-polar solvents, to dissolve in
10 12alkaline solutions, and to decompose in acid solutions, '
13
Charonnat , who was the first to study this reaction in 
great detail, called the product compound thioid. He pro­
posed the following structures for the compound:
HS —  c — —  SH "s - ... „ — s~
n _ n 
14
In 1949, Pavolini and G-ambarin , in attempting to 
characterize the compound, found that they could prepare, in 
addition to its mono- and di-potassium salts, a green cobalt 
complex, a yellow-green nickel complex, and a brown copper 
complex. They reported analyses of these compounds and pro-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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In spite of the obvious structural differences in 
these two forms, the authors report no difference in physical 
properties. Also, no evidence was available to support either 
a mixed polymer of the above units or a mechanical mixture 
of each of these units.
In an attempt to determine a more definite structure 
for thioid and to characterize the oomplexing ability of 
this compound, the following investigation was initiated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the substitution referring to that on the piperazine ring.) 
Analysis for N-Methy1thioid: Calculated for
C, 47,85; H, 8,64; N, 20,28; S* 23.18,
Found: C, 47,46; H, 8,55; N, 19.96; 3» 23,26.
Analyses for the other substituted thioids appear 
in Table I,
Piperidine Salt of Piperidine-l-Carbodithioic Acid. - Carbon 
disulfide was added to a large excess of piperidine (Matheson, 
Coleman and Bell; boiling point 105-107°C,). The pale yellow, 
crystalline product was filtered, recrystallized from dis­
tilled water and acetone, and dried at 1 0 5 Analysis: 
Calculated for CiiHagNaSa: C, 53,65; H, 8,94; N, 11,36;
S, 26.05, Found: C, 53,87; H, 8,81; N, 11,27; S, 26,25.
Mono- and Dl-Potaasium Salts of Thioid. - These compounds
14
were prepared by the method of Pavolini and Gambarin.
Potassium was determined by the recently reported method
IB
using sodium tetraphenylboron reagent. Analysis: Calculated
for CioHieN*S*K: K, 10,77, Found: K, 10,82, 10,82,
Calculated for CioHasM^S^Ks: K, 19.50, Found: K, 19.41,
19,72,
Metal-Thioid Compounds, - The preparation of the copper- 
thioid compound illustrates the methods used.
To 0,5 gram of CuSO^^SHaO dissolved in 30 mis. of 
distilled water was added 0,5 gram of thioid dissolved in 
30 mis. of concentrated The mixing resulted in the
formation of a brown precipitate which was isolated by suction
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Instrumental
Absorption Spectra. « Infrared absorption spectra were made
with a Perkin-Elmer Model 21 Recording Spectrophotometer
equipped with a sodium chloride prism. The instrument was
operated at settings of: resolution, 927; response, 1;
gain, 5; speed, 5; suppression, 0; scale, standard. The
solid compounds were pressed into disks using KBr as the 
17
diluent. Approximately 5 mg, of the compound were mixed 
with 495 mg, of KBr for each disk.
The visible and ultra-violet absorption spectra were 
obtained with a Perkin-Elmer Model 4000 Spectracord, Measure­
ments were made on KBr disks and on glacial acetic acid 
solutions.
Conductance Data. - Resistance and conductance measurements 
were obtained in aqueous and glaoial acetic acid solutions 
using an Industrial Instruments, Inc. Conductivity Bridge,
Model EC 16B1, All measurements were made at room temperature 
using a dipping-type cell with platinized electrodes. The 
cells were calibrated using standard potassium chloride 
solutions,^®
19
Moleoular, Weight Determinations. - A East molecular weight 
was attempted but this was abandoned when it became evident 
that the compound decomposed before a mixture melting point 
could be obtained.
Molecular weights were obtained by freezing point
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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20
depressions. Aqueous and aoetlo aold solutions were used, 
and the depressions were determined using a Philadelphia 
Differential Thermometer (Precision Solentifio Co.).
pH Data. - pH measurements were obtained using a Beckman 
Model H2 pH Meter,
X-Ray Data. - X-ray powder patterns were taken using a 57,3 
mm, Phillips powder camera,* Iron irradiation was used, and 
samples were mounted in 0.3 mm. glass capillaries. Inten­
sities were estimated visually.
Polarographio Data, - Polarograms were obtained with a 
Sargent Polarograph Model XXI. The reference electrode 
used was the saturated calomel electrode, and all potentials 
are referred to this standard. Potassium chloride and 
potassium nitrate were used as the supporting electrolytes.
*The author is indebted to Dr, H. M. Haendler, who 
determined the X-ray powder patterns.
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DISCUSSION
The non-superimposable orientations in spaoe which 
the atoms of a particular molecule oem assume are referred 
to as the conformations of the molecule. Theoretically, 
there should be an almost infinite number of possible con­
formations for most molecules; but, practically, the picture 
is very muoh simplified because energy requirements greatly 
limit the number of preferred arrangements.
The application of conformational analysis to six- 
membered ring systems has proved interesting and useful, 
Cyclohexane has been shown to exist in only two conformations
the chair form and the boat form - free from angular strain,
84 25
It has been determined by infrared and Ramsin spectroscopy ,
26
by electron diffraction , and by thermodynamic considéra- 
27,28
tions that the chair conformation is more stable than
the boat conformation. Derivatives of cyolohexane also tend
to assume the chair conformation whenever this is stereo—
chemically possible.
Because of a similarity with respect to bond angles
and bond lengths, the replacement of one or more of the
carbon atoms in the cyolohexane ring by a nitrogen atom or
an oxygen atcan results in only a very slight distortion of
29
the ring. Couison has also shown that, as a result of 
hybridization, the p-orbitals of nitrogen and oxygen maintain 
an approximately tetrahedral distribution similar to that 
for carbon. Thus, the analogy of these hetero—systems with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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that of cyolohexane is quite valid,
30
Through X-ray investigations, Anderson and Hassel
concluded that 1,4-diohloropiperazlne exists in the chair
31
conformation, Lund has shown the same for 2,4,6-trimethyl- 
1,3,5-triazacyclohexane,
29 30However, more recent data * obtained from proton 
magnetic resonance studies has shown that N,N*-disubstituted 
piperazines exist neither in chair nor boat conformations but 
instead are complex oscillators which the authors call flexible 
forms. Recent moleoular polarizability data^^ are in accord 
with this conclusion. This being the case, it should be 
possible to freeze the ring in the boat conformation by 
establishing a stable bridge between the nitrogen atoms.
The limitations which must be satisfied are those imposed by 
the geometry requirements of the system.
One of the objectives at the start of this research 
was to introduce and establish this bridge by coordinating a 
metallic cation between the nitrogen atoms of the piperazine 
ring.
The reaction in a 50:50 water-ethyl alcohol mixture 
between piperazine and various metallic cations was inves­
tigated to determine the extent of the coordinating ability 
of this hetero-ring system. The compounds which separated 
out were all found to be acid soluble. Their colors, together 
with their oxidation states, atomic radii, and hybrid orbitals 
are listed in Table III,
A powder pattern was taken on the nickel compound.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table IV lists the interplanar spaoings ("d") of this product 
and a khown sample of NiO*HaO,
TABLE III 
PROPERTIES OF CATIONS AND THEIR
PIPERAZINE REACTION PRODUCTS
Atomic Color of
Cation Ox. State Radius A Hybrid Orbitals Product
Ni +2 1,24 dsp» green
Cu +2 1,28 dsp» blue
Zn +2 1.33 sp* white
Gd 42 1,49 sp® white
Mn 42 1,29 dsp* brown
Cr 4-3 1.25 d*sp» blue-gray green
Fe 4-3 1,26 d*sp* red-brown
Nd 4-3 dasp» pink
TABLE IV
COMPARISON OF INTERPLANAR SPACINQS
FROM X--BAY POWDER PHOTOGRAPHS
"d" Intensity Intensity^^
Line # "d"(obs.) NiOaH^O (obs.) (NiO*H*Ol
1 2,70 2,68 70 70
2 2,3-2,4 2,32 100 100
3 1,72 1.75 95 98
4 1.56 1,55 80 80
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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are too small to satisfy the geometry requirements of the 
system. Mann and Watson make this comparison using values 
for the atomic radius of palladium and the ionic radii of the 
other species. Using a comparison of atomic radii throughout, 
the same differences are noted in all oases except cadmium.
This explanation would therefore seem valid and could be 
extended to include manganese and iron also.
Cadmium forms a tetrahedral configuration - an 
arrangement which is not energetically preferred because of 
the angular strain imposed upon the piperazine ring. The 
same explanation is offered for the lack of oomplexing with 
zinc and mercury.
Chromium and neodymium would be expected to show a 
coordination number of six and to assume octahedral con­
figurations, The lack of oomplexing in these oases is probably 
due to sterio factors resulting from the size of the piperazine 
ring.
An interesting but still unexplained reaction occurs 
with piperazine and an excess of silver nitrate. No visible 
evidence of oomplexing was noticed; but, on standing, a 
silver mirror is plated out on the walls of the containing 
flask. The formation of the mirror can be accelerated by 
heating the solution and could be the result of dispropor­
tionation of the monovalent silver or reduction of this species 
by piperazine.
Efforts were next directed towards elucidating the 
structure and studying the oomplexing ability of thioid.
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NH’*’ deformation vibrations» For , a band of medium
intensity appears between 1650 and 1590 om,  ^ and oan be used 
to detect the presence of a secondary amino group in the orig­
inal molecule. The band occurring at approximately 1600 om,“  ^
is probably due to deformation vibrations which are
characteristio of secondary amine salts.
The NHa"** rocking vibration is reported^^ to appear 
near 800 cm,"’*', and the weak band observed at 810 om,""^  in 
the thioid spectrum is probably due to this.
The region 3000-2800 cm,""*’ includes the very strong 
C-H stretching vibrations from the methylene groups in the 
molecule. Other bands due to C-H deformation frequencies 
appear at approximately 1460 om,"”^  and 1380 cm,” .^
The band appearing at 2480—2500 cm,”'^ is probably 
due to S-H stretching absorption. This is somewhat lower 
than the reported range for this absorption, 2600-2550 cm,”*’, 
and the actual band may appear as a shoulder at 2580 om,”  ^
on the rather broad band attributed above the C-H stretching 
vibrations. In this case, the band at 2480-2500 cm,“  ^ could 
then be attributed to NHg"*" stretching vibrations. It has been 
reported that salt formation oan cause considerable attenuation
of the normal N-H stretching band and can displace this band
42
towards lower frequencies. It should be possible to resolve 
this question by observing the spectrum of thioid prepared using 
N,H*-deuterated piperazine. The S-D absorption should shift 
to a lower frequency,^®
The identification of the position of the 0=5 absorption
R e p ro d u c e d  with permission of the copyright owner. Further reproduction prohibited without permission.
21.
felt that the Infrared speotrura of thioid is unique.
The visible and ultraviolet absorption speotra for 
thioid were also determined. The visible absorption values 
obtained in KBr pellets decrease by approximately 20% from 
360 mu to 700 mu, but throughout the entire wavelength range, 
they remain relatively large. The same decrease is noted 
in glacial acetic acid solution but the values are not as 
large. Complete absorption from 205 to 323 mu was obtained 
for thioid in the ultraviolet range in KBr pellets, A minimum 
at 332 mu, followed by a maximum at 350 mu, was also observed. 
In glacial acetic aold solution, the only significance noted 
in the spectrum is a maximum around 315 mu. No significant 
information has been deduced concerning the structure of 
thioid from these data.
The pH of a 0.005F aqueous solution of thioid was 
determined and found to be 8.4, If the structure for thioid 
is considered to be the following:
/  \  II
H— N N — C —  SH
v _ y
I
the nitrogen atoms would impart basicity to the compound 
while the hydrogen in the dithiocarboxylio acid group would 
impart acidity. The resulting pH would be dependent upon 
the relative acid and base strengths of these atoms.
Dithiocarboxylio acids are stronger than oarboxylio
46
acids. This might be due to an inductive effect in which
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the carbon to sulfur double bond becomes more stabilized 
by assuming more single bond character than a carboxyl group® 
This would create a greater deficiency of electrons around 
the carbon atom resulting in a more acidic hydrogen. Pip­
erazine on the other hand is fairly strong as a base with a 
first dissociation constant of 6,5 x 10”*, This is consid­
erably less than that of piperidine (1.6 x 10“®) and slightly
_s 47
less than that of ethylenediamine (8.5 x 10“ ).
If it is assumed that when these acids ionize, a 
proton is lost and the pair of electrons originally involved 
in the bond to the hydrogen remains with the oxygen or sulfur 
atom, then any factors which tend to withdraw the electrons 
from the hydrogen should facilitate its removal as a proton. 
Conversely, factors tending to make the electrons more readily 
available should decrease the ease of removal as a proton.
In the above compound, the inductive effect could be minimized 
due to the ability of the electrons on the nitrogen atom to 
shift as indicated in the formation of structure (III),
H — N N — C — SH < > H — N C —  SH
\  /  \  /
I III
The pH of a solution of this compound should be greater than
seven due to the basicity of the uncharged nitrogen atom in
the structure. This is analagous to the fact that <x-hydrogen
atoms in ketones are more acidic than oc-hydrogen atoms in 
48
amides.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The Infrared spectrum, however, does not of itself 
give positive evidence to support the conclusion that the 
canonical form represented by structure (III) is a major 
contributor to the resonance forms of the molecule,
A zwitter-ion type structure (IV) can also be proposed,
/ — \  Î
H-N N — (!' —  SH a.
\ /
I IV
A solution of this inner-salt type compound, again because 
of the electron shift referred to above, would most probably 
show a pH in the acidic rather than the basic range. For this 
reason, structure (IV) is not felt to adequately represent 
the true structure of thioid.
Considering the compound to be a dimer, a second 







In order for the pH of this salt to be above seven, the 
anion must hydrolyze to a greater extent than the cation. 
That the anion should be a relatively strong base can be 
seen from the resonance form depicted by structure (V),
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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-  | ' _ 4 /  \ 4 _  '  _
S —  C —  N —  C —  S
V
15
Dunderdale and Watkins have proposed that the 
structure of thioid is dependent upon its method of preparation. 
Attempts made in this laboratory to prepare thioids differing 
in content with respect to the ratio of forms (I) and (II) 
present met with failure. Three methods of preparation were 
used. Preparation A was made by the addition of carbon di­
sulfide to a large excess of piperazine (1;12 molar ratio), 
Dunderdale and Watkins propose that this will yield (I), 
Preparation B was made by the addition of carbon disulfide 
to an equlraolar quantity of piperazine, proposed as giving a 
mixture of (I) and (II). Preparation C was made by the ad­
dition of piperazine to a large excess of carbon disulfide 
(1:12 molar ratio). While Dunderdale and Watkins do not 
state how they make (II), this method should presumably yield 
structure (II).
Figure I shows the very definite similarities in 
Infrared speotra for these preparations. Figure II compares 
the x-ray powder patterns obtained for these preparations, 
and the interplanar spaoings ("d") are listed in Table V 
together with sublimation points, pH values, and equivalent 
conductances. From these data, it appears doubtful that two 
very different structures could have identical physical
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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properties, and it Is therefore oonoluded that there is only 
one form for thioid.
TABLE V
COMPARISON OP THIOID PREPARED USING DIFFERENT 


















































Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30.
When a methyl group is attached to a nitrogen atcan In the
piperazine structure, the addition of a moleoule of carbon
disulfide to this site in the moleoule is inhibited. This
is probably due to the formation of a thermodynamloally less
stable product because of sterio blocking similar to that
present in tertiary amines, which also do not react with
49carbon disulfide. In N-methylplperidine and N,N’-dimethyl- 
piperazine no reaction with carbon disulfide would take place, 
Figure IV shows the infrared spectrum of N-methyl- 
thioid. The bands characteristic of the vibrations referred 
to in the other spectra also appear in the spectrum of this 
compound and are included in Table VI, In addition to these, 
the band at 1420 cm,  ^ is assigned to GH3-N deformation 
frequency in agreement with the reported value of 1418 cm 
for this vibration in methylamine.®®
The structure proposed for the reaction product of 











The elemental analysis (see Table I) is in agreement with 
this structure. This compound is structurally similar to 
thioid, the methyl group on the <k--oarbon atom offering 
little or no hindrance to the formation of the nitrogen to
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carbon bond.
The Infrared spectrum of this compound is shown In 
Figure V, and its characteristic bands are also’listed in 
Table VI.
The reaction product of carbon disulfide with the ois 
and trans isomers of 2,5-dlinethylpiperazine is shown as 
structure (IX), Elemental analyses (see Table I) are in













The slightly lower yield observed for the ois isomer is 
probably the result of sterio effects which occur when both 
substituent groups are in the same relative positions.
The infrared spectra of these substituted thioids 
are shown in Figure VI and Figure VII respectively, and 
observed frequencies for the characteristic bands are listed 
in Table VI,
Conductimetric Titrations of Thioids. - The conduct- 
imetrio titration curve obtained upon addition of a dilute 
aqueous solution of thioid to a dilute aqueous solution of 
potassium hydroxide is shown in Figure VIII, The curve shows 
three breaks, the first two occurring at molar ratios of 
1:2 and 1:1 thioid to potassium hydroxide if thioid is assumed 
to be a dimer. These data would indicate that the reaction

















(AiiSN30 IVOIldO l 1





















































GONDUCTIMETRIC TITRATION OF POTASSIUM HYDROXIDE 
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proceeds through the Initial formation of a di-potassium 
salt of the oompound to the formation of a mono-potassium 
salt upon addition of equimolar amounts of thioid and potas­
sium hydroxide,
Z +
HaTh* + 2K0H 2H2O + Th + 2K
Th" + HaTh 2HTh
The third break occurs at a point indicating a molar ratio 
of 2:1 thioid to potassium hydroxide assuming thioid. to be 
a dimer, or 1:1 thioid to potassium hydroxide if thioid Is 
assumed to be a tetramer,
HTh + HaTh —* thiuram disulfide
After the third break, the specifio conductance increases 
as shown in the graph. The slope of this part of the curve 
was measured and found to be equal to 0,024,
Figure IX shows the change in speoiflc conductance 
as thioid is added to water. The slope of this curve was de­
termined to be 0,023, This value agrees within experimental 
error with that obtained above for the curve shown in Figure 
VIII, It is therefore believed that, after the third break, 
the curve represents the addition of more thioid to the system 
and that this addition does not result in any further reaction.
*Ha!bh represents thioid as depicted in structure II,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SPECIFIC CONDUCTANCE OF THIOID SOLUTION 


























Vol, thioid (tnls, ) 
FIQUBE IX
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In attempting to reproduce Figure VIII, the curve 
shown In Figure X was obtained. The two are identical except 
for the volume of thioid required to give the third break.
The slope of the last portion is 0,022, in good agreement 
with previous values. The only difference in these titra­
tions was that a longer time was taken between readings In 
obtaining the values represented by Figure IX. This suggested 
the hypothesis that after the second break In the curve, i.e. 
when the species present is most probably the mono-potassium 
salt of thioid, a time-dependent reaction takes place upon 
addition of more thioid. As the system is allowed to come 
to equilibrium, this reaction becomes less noticeable in the 
conductance titration, and the final curve obtained represents 
simply the addition of more thioid to the system.
To determine the validity of this hypothesis, a con- 
duotanoe-tlrae study of the system was initiated. Figure XI 
summarizes the results of these experiments. The system 
studied contained 0,005 millimoles of thioid in excess of 
the amount necessary to give a 1:1 molar ratio of thioid to 
potassium hydroxide assuming the former to be a dimer. The 
solution was allowed to equilibrate for different lengths of 
time, end then its specific conductance was measured as a 
function of the volume of titrant added. The titration was 
continued until the curve approached the straight line repre­
senting the addition of unreaoted thioid to the system. As 
can be seen from the graph, the volume of thioid required for 
the third portion of the curve decreases quite rapidly up to 
four hours and gradually reaches a value of zero at twenty-
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CONDÜCTIMETRIG TITRATION OF POTASSIUM HYDROXIDE 
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four hours. Two additional points not plotted on the graph
were obtained at 36 and 48 hours, and these olearly show
that a zero value is maintained.
It appears that, during the equilibration period,
a reaction involving thioid takes place, but the nature of
this reaction is still questionable. One possibility might
be an air oxidation of thioid to a disulfide. Dithiocarbamates
are known to be easily oxidized to thiuram disulfides especially
49in the presence of ammonia. This compound could be represented 
as structure X.
- ,? / ~ \  1 '
N NHo o _ c — N N — C - S —  S— C-N N
v__y v_y
To study the effect of ammonia upon the system, a 
conduotanoe-time experiment was carried out using a solution 
of thioid dissolved In ammonium hydroxide. If oxidation 
takes place to form the disulfide, the specific conductance 
of the thioid solution should change with time. Figure XII 
summarizes the results of this study. It is evident that a 
change does take place, and it is interesting to note that 
the conductance becomes constant after twenty-four hours, 
the same time required for the previously studied system to 
equilibrate. If it is assumed that the ammoniacal solution 
facilitates this oxidation by reason of its basicity, then 
a similar situation would prevail in the thioid-potassium
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hydroxide system whloh Is also alkaline. This explanation 
would account for the observed similarities between the two 
systems.
The reduction half-reaction in this system is pro­
posed as the following:
4®~ + Oa + 4H"*" -* 2H^0
The source of hydrogen ions would be the piperazlnlum cation, 
and free piperazine would also be a product of the reaction.
As the reaction proceeds, hydrogen ions would be used up, 
and the basicity of the system would be due to the piperazine 
ocHnponent.
It was noticed that a precipitate forms in the thioid
solution upon standing, and it is felt that this product might
be the disulfide referred to above. An infrared spectrum of
this compound was obtained, A disappearance of the stretoh-
+
ing, deformation, and rocking frequencies for the NHa bands 
was noted, although the complete spectrum was somewhat weak. 
The 2500 cm."'*' band representing the S-H stretching vibration 
was also missing. These observations would be in accord with 
the proposed structure.
An alternative explanation of the above system could 
involve a disproportionation in basic solution of structure 
(II) into two molecules of structure (I), This non-ionic 
form of the monomeric species would not show any NH^ bands 
in the infrared region, but the S-H band at approximately 
2500 cm.'’*' should be present, unless the monomer is a zwit-
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terion.
More evidence is necessary in order to unequivocably 
decide between the disulfide and the unionized monomer. A 
study of the system in an inert atmosphere would supply use­
ful information. If it is found that the above changes do 
not occur in the absence of air, then the formation of the 
disulfide through air oxidation is more probable, and the 
nature and extent of this reaction should be confirmed.
Prom the above results, it should be possible to 
titrate thioid into potassium hydroxide rapidly to a point 
representing a slight excess of the amount necessary to give 
the mono-potassium salt. After the system has been allowed 
to equilibrate for approximately twenty-four hours, the ti­
tration can be continued and the curve obtained should show 
only two breaks at molar ratios of 1:2 and 1:1 thioid to 
potassium hydroxide assuming thioid to be dimeric. Figure 
XIII shows the results of this titration. The third portion 
of the curve shown in Figure VIII has disappeared In Figure 
XIII, and after the second break, the only apparent change 
is the result of the addition of more thioid to the system.
Dilute solutions of thioid prepared under conditions 
A and C above were also titrated into potassium hydroxide, 
and curves identical with those shown in Figure VIII and in 
Figure XIII were obtained, depending on the time allowed 
for the systems to equilibrate. This Is further evidence in 
support of the conclusion that there is only one form or 
structure for thioid Irrespective of the amounts of piperazine 
and carbon disulfide used in the preparation.
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It has been possible to Isolate from solution the
mono- and dl-potasslum salts of thioid prepared by reacting
the appropriate amounts of thioid and potassium hydroxide.
These compounds, unlike thioid Itself, are quite soluble in
water. Attempts to prepare a tri-potassium salt and a tetra-
potassium salt of thioid, to determine whether or not there
are more than two replaceable hydrogens in the moleoule, met
with failure. Analyses Indicate that a mixture of the dl-
potasslum salt and unreacted potassium hydroxide is formed in
both oases. This would suggest that only two hydrogens in
the compound can be substituted.
It proved impossible to follow the reaction between
thioid and potassium hydroxide by measuring pH changes. No
distinct break in the titration curve was obtained in this
aqueous system.
Titrations of the basic strengths of piperazine and
1,4-disubstituted piperazines in non-aqueous media have been 
50reported , and the results indicate that in piperazine the 
basic strengths of each nitrogen atom are similar, giving 
rise to only one break in the curve. This would suggest that 
in the preparation of thioid both nitrogens on the piperazine 
would be equally reactive, and the dimeric form proposed 
above and represented by structure (II) would be quite reason­
able. The formation of thioid may proceed through the initial 
formation of (I), but any equilibrium between (I) and (II) 
would be displaced towards the dimer because of the relative 
insolubility and symmetry of the species.
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the metal-thlold compounds appeared to decompose, and It was 
quite evident that carbon disulfide was evolved from the so­
lution, Since thioid Itself decomposes in strong acid to give 
piperazine and carbon disulfide, It is not surprising that a 
similar reaction occurs in the above case.
The Infrared spectrum of the oadAlum-thioid oompound 
Is shown in Figure XIV, and that of the nlckel-thioid compound 
Is given In Figure XV, These spectra are representative of 
those of the other compounds prepared and show clearly the 
changes in frequencies of absorbance in going from thioid to 
a metal-thioid compound.
Compared to thioid, the absorptions in the G-H region 
at 1475 cm, and 1425 cm. are different. No explanation 
is offered for these changes, but it can be seen from Table 
VII that the bands reproduce themselves in the various metal- 
thiold compounds.
The band at 1120 cm, found in thioid and attributed 
to C=S absorption has decreased in Intensity and changed in 
shape. This could be taken as evidence that some of the bond­
ing of the metal to the thioid is through this thlocarbonyl 
group and is probably associated with the ability of the sulfur 
to donate electrons resulting in the formation of a coordinate 
linkage.
The disappearance of the absorption band around 2500
mm ^
cm, previously attributed to S-H stretching vibrations in 
thioid Is also considered significant. This is taken as 
evidence of ionic bonding of the cation resulting from the
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in the metal-thlold compounds, a series of polarography
»
experiments were next carried out* The solubilities of 
these oompounds were such that oonoentrations up to 10 
F, could be obtained, and this value was found to be suf­
ficient to give good half-wave potential curves. Figure 
XVII shows the polarogram obtained in the case of the copper- 
thioid oompound in potassium chloride supporting electrolyte. 
The half-wave potential was found to have a value of +0.05, 
in good agreement with the reported value of 4-0,04 for
copper (II) ocffljpounds in which the bonding of the metal ion
51is essentially ionic in character.
Half-wave potentials are known to be dependent upon 
the molecular state of the reducible or oxldizable substance, 
and therefore can be altered by complexlng of the metal. If 
the species present in the oopper-thiold compound were not 
the copper (II) ion, the value of the half-wave potential 
would more than likely differ from the above value. Because 
the copper would be less readily available for reduction in 
a coordination compound, the value of the half-wave potential 
should be shifted to a more negative value. The slight in­
crease obtained above is not felt to be significant, and no 
indication of a large degree of complexlng was therefore 
evident.
Similar results were also obtained with cadmium,
*The author is indebted to J, c, Norman, who determined 
the polarograms on these compounds.
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nickel, zinc, and silver, and consequently It Is concluded 
that the bonding in these compounds is primarily ionic.
To follow the reaction between thioid and these 
metal salts more closely, conductivity titrations were next 
studied. Figure XVIII shows the curve obtained when a dilute 
aqueous solution of thioid is titrated with a dilute aqueous 
solution of zinc nitrate. The distinct break in the titra­
tion curve appears at a 1:1 molar ratio of thioid to zinc 
salt* The slope of the last portion of the curve has a value 
of 0*0258 in good agreement with a value of 0*0256 obtained 
for the curve shoim in Figure XIX which depicts the change in 
specific conductance as a function of concentration for an 
aqueous zinc nitrate system. Similar results were obtained 
using niokel(II) nitrate and copper(II) sulfate in place of 
the zinc salt, with breaks in these titration curves again 
appearing at a 1:1 molar ratios of thioid to metal salt.
Figure XX represents the titration of thioid with a 
dilute aqueous solution of silver nitrate. The first change 
in slope occurs at a 1:1 molar ratio of thioid to silver 
nitrate, and the second change at a 1:2 molar ratio. This 
would indicate that two silver-thioid compounds are present 
similar to those obtained with potassium.
These results also agree with those obtained by C.
52
W, Wetherbee in E.M.P. titrations of an ammoniacal solution 
of thioid with dilute aqueous solutions of various metal ions. 
Assuming thioid to be a dimer, these experiments also show a 
1:1 molar ratio of thioid to metal salt for titrations with 
copper(II) sulfate, cadmium sulfate, nickel(II) chloride.
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meroury(II) chloride, end manganese(II) chloride.
Wetherbee’s titration with silver indicated the for­
mation of a mono-silver compound with thioid, but the titra­
tion was not carried much beyond this point. This would 
explain the lack of evidence for a di-silver compound*
The above ammoniacal system was duplicated and the 
change in specific conductance was measured as a function 
of the volume of metal salt solution added. Figure XXI 
shows the results obtained with zinc nitrate. The change in 
slope occurs at the same point as before, and the final 
slope of 0,0252 agrees within experimental error with the 
previously obtained values.
The above titrations were all carried out rapidly to 
determine the change upon the system resulting from the 
addition of the metal salt solution. It was believed that 
after partial addition of the metal salt solution, the un­
reacted thioid solution might still be susceptible to air 
oxidation on standing as was found in the titrations with 
potassium hydroxide. Figure XXII shows that this suspicion 
was correct* The change in specific conductance changes 
with time, and the change is identical with that obtained in 
the previous experiments again becoming constant around 
twenty-four hours* Thus, titrations of thioid with metal 
salts should be carried out rapidly in order to minimize 
this change which thioid itself undergoes.
These metal-thioid compounds, like thioid itself, 
are believed to be structurally similar to dlthiocarbamates. 
Compounds of this type have recently been found to be among
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53
the most satisfactory for us© as antiradiation drugs. 
Thioid, some substituted thioids, and some metal-thioid 
compounds have been submitted for testing to the Walter 
Heed Army Institute of Research for use on counteracting 
the effects of harmful doses of radiation. No report has 
at this time been received concerning their suitability. 
In addition to the above, the same series of com­
pounds are being tested for antitumor properties at the 
National Cancer Institute, These results are also not at 
present known.
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SUMMARY
It has been shown that coordination of metal ions 
by piperazine in aqueous solution is very much limited by 
the geometry requirements of the heterocyclic ring system 
and sterio factors resulting from the size of the piperazine 
ring. Instead of metal-plperazine complexes, the isolated 
products have been shown by analyses and by powder pattern 
data to be hydrated oxides.
The product of the reaction of piperazine and carbon 
disulfide is believed to have a structure illustrated by
( I I ) .
Thioid has only one form irrespective of the method 
of preparation.
Methyl substitution in the 2 and/or 4 position in 
the piperazine ring does not alter the structure of the 
resulting substituted thioid, but the same substitution at 
the 1-position results in the formation of (VII), a salt 
similar structurally to the piperidine salt of piperldine- 
l-oarbodlthioio acid.
It is possible to titrate thioid as a weak acid with 
potassium hydroxide to give a conductance curve which shows 
two breaks indicating the formation of the mono- and the di­
potassium salts of the compound. If the system is then al­
lowed to equilibrate for a period of twenty-four hours, 
further addition of thioid results in no other reaction.
If however, the above system is not allowed to equil-
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ibrate, a reaction which could either be the result of the 
formation of a thiuram disulfide or the dissociation of 
(II) into two molecules of a thlooarbamate could occur. The 
former explanation Is favored.
It has been possible to isolate various metal-thioid 
compounds. The analyses indicate that two hydrogens in 
thioid can be replaced by two unipositive cations or by one 
dipositive cation.
It is felt that the bonding in the metal-thioid compounds 
is primarily ionic, with little or no evidence obtained in 
support of metal ion coordination to any significant degree.
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